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Abstract Previous studies suggest that human expo-
sure to atmospheric pollution can trigger cardiovas-
cular diseases (CVDs). This study aimed at
assessing the influence of short-term exposure to
atmospheric pollution in the occurrence of CVD
and mortality in Madeira. A single-centre retrospec-
tive study was conducted during 2005–2011. Air
pollutant data and meteorological parameters were

gathered. Daily admissions at the emergency service
due to CVD and markers levels for cardiac function
were obtained from a public hospital. Exploratory
and correlation analysis of all variables were per-
formed, and the CVD relative risk (RR) of hospital
admissions and mortality was calculated. During the
study, mean annual concentrations of the air pollut-
ants varied greatly, with NOx and O3 showing the
highest annual average concentrations. Two hundred
ten thousand five hundred forty patients were admit-
ted at the emergency service, 74% of them due to
cardiovascular causes. Hospital admissions were
positively correlated with PM2.5, and SO2. A posi-
tive and significant association between PM2.5 with
creatine kinase myocardial band and B-type natri-
uretic peptides markers was found, whilst SO2 was
positively associated with Creatine kinase myocar-
dial band. The RR seemed to increased with PM2.5

and NOx exposure. Traffic-related pollutants were
weakly but statistically associated to hospital admis-
sions due to CVD and mortality. PM2.5 and SO2

were related with higher hospital admissions which
in turn seemed to increase the serum markers. The
risk of mortality was mainly associated with O3 and
average air temperature. Adults and elders seem to
be more susceptible to atmospheric pollutants, par-
ticularly in the winter.
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1 Introduction

Air pollution is considered an important environmental
and social issue, posing multiple challenges in terms of
management and mitigation of harmful pollutants
(European Environment Agency 2016).

Outdoor air pollution in both urban and rural areas
was estimated to cause 4.2 million premature deaths
worldwide in 2016 (World Health Organization 2018).
According to Cohen et al. (2017), ambient air pollution
contributes substantially to the global burden of disease,
which has increased over the past 25 years, as a result of
both demographic and epidemiological trends and in-
creasing levels of air pollution in low-income and
middle-income countries.

As air quality declines, the risk of stroke, heart dis-
ease, lung cancer and chronic and acute respiratory
diseases increases for the people exposed to air pollut-
ants (Cohen et al. 2017, Haberzettl, 2018). Even at low
dosage, outdoor and indoor air pollution is a recognized
threat to human health, a fact that has been associated
with increased morbidity and mortality worldwide
(World Health Organization 2016).

From a health perspective, outdoor air pollution is a
complex mixture of components which include airborne
particulate matter (PM) and the gaseous pollutants such
as sulphur dioxide (SO2) and nitrogen dioxide (NO2),
named primary pollutants. These pollutants are emitted
directly into the air by combustion of fossil fuels where-
as secondary pollutants like ozone (O3) are formed in
the atmosphere from other components. Outdoor air
pollution (especially PM2.5) normally infiltrates build-
ings and most of the exposure typically occurs indoors
(Newby et al. 2015).

According to Newby et al. (2015), air pollution
shows substantial variability both between areas (higher
in Southern Europe) and within areas. Spatial variation
is mostly related to the presence of local and regional
sources. Temporal variation of daily average air pollu-
tion concentrations is mostly related to weather condi-
tions affecting the dispersion of pollutants, including
wind direction, wind speed and atmospheric stability.

Scientific evidence from epidemiologic and experi-
mental studies reported deleterious effects of short and
long-term exposure to air pollutants on cardiovascular
mortality. The most serious effects in terms of overall
health impact include a significant reduction in the life
expectancy of the average population of 1 year or more.
Short-term exposure increases in air pollution were

associated with an increased risk of myocardial infarc-
tion, stroke and acute heart failure (Bourdrel et al. 2017).

The inhalation of inorganic particles can increase car-
diovascular diseases (CVDs) through pulmonary inflam-
mation, inducing systemic blood coagulability (Franklin
et al. 2015) and oxidative stress damage (Gagliardi et al.
2009, Strobel et al. 2011). Such exposure to air pollutants
influences markers associated with increased risk of ad-
verse cardiovascular events, like natriuretic peptides, while
other serum markers can help diagnose, evaluate and
control patients with suspected acute coronary syndrome,
namely troponins, creatine kinase and creatine kinase-MB
(myocardial band) (Bodor 2006).

As human exposure to air pollution became a suffi-
cient condition for the onset of cardiovascular disease,
the World Health Organisation (WHO), the Environ-
mental Protection Agency and the European Commis-
sion (EC) have established guidelines for air quality risk
assessment and management (World Health
Organization 2016, United States Environmental
Protection Agency 2018, European Commission
Agency 2018).

Atmospheric pollutant levels often exceed established
limits in various regions of the world, especially in large
cities in developing countries. It was also noted that the
adverse effect on human health has been documented at
levels well below the official standards (Nebel and
Wright 1993).

Coronary diseases are one of the main causes of
death in Portugal (Instituto Nacional de Estatística
2014), though the occurrence of deaths due to CVD in
relation to total mortality (34%) is not as high as in other
European Union (EU) countries which is 40%
(Vasconcelos 2012). A previous national assessment
on trends in heart failure showed that the number of
patients for that condition has doubled between 2000
and 2015 (Moreira et al. 2017). Considering the ageing
of the Portuguese population, it is expected a rise in the
number of hospitalizations due to this ailment (Fonseca
et al. 2018), as well as for other CVD.

In turn,Madeira has a high prevalence of CVD, namely
stroke and myocardial infarction, with little epidemiologi-
cal data about blood pressure (Macedo et al. 2010). On the
other hand, the effects of exposure to outdoor air pollutants
on cardiovascular health are still unknown.

The work aims to evaluate the influence of short-term
exposure to atmospheric pollution in the occurrence of
CVD and mortality due to CVD in Madeira region. For
such purpose, a 7-year retrospective study was planned

94 Page 2 of 15 Water Air Soil Pollut (2020) 231: 94



to explore the relationship between the main pollutants
and the daily admissions at the emergency services due
to CVD and markers levels for cardiac functions.

1.1 Methods

This is a single-centre retrospective study, conducted in
Funchal city (Madeira Island, Portugal), between Janu-
ary 1, 2005, and December 31, 2011. Funchal is the
most populous insular city in Portugal with a population
of 105,117 inhabitants out of a total of 254,876 inhab-
itants in the Archipelago (Madeira em Números 2016),
in which almost everyone lives in the coastal areas.

Air pollutants data were obtained from the Portuguese
Environment Agency Air Quality Monitoring Network
which gathers information from automated stations
throughout Portugal. The three considered stations in Fun-
chal were São João (traffic station), São Gonçalo and
Quinta Magnólia (both urban type). The stations of Quinta
Magnólia and São João are located at 0.52 and 0.55 km
from the Hospital Centre, respectively, and the station in
São Gonçalo is located at a distance of 3.9 km from this
site. All stations provided hourly values of atmospheric
pollutants, such as concentration of PM (PM2.5 and PM10),
sulphur dioxide (SO2), ozone (O3) and nitrogen com-
pounds (NO, NO2 and NOx) and O3.

Meteorological data were obtained from the Portuguese
Environment Agency website which provided daily data.
The available parameters that could be related with the
triggering of cardiovascular diseases were searched for the
studied period, namely, average temperature (°C), relative
humidity (%) and precipitation (mm).

Health data were obtained from a public hospital that
provided daily counts of patients from any provenance
within Madeira Archipelago that were admitted at the
emergency service with suspected CVD. There was
information on regards of gender and age groups as
follows: less than 14 years old (children); 15–65 years
old (adults) and over 65 years old (elders). The in-
hospital mortality due to CVD was also accessed.

From the symptoms recorded at the hospital emer-
gency service, the ones that lead to the inclusion in the
CVD diagnostic group were chest pain, headache and
indisposition, as well as abnormal levels of selected
serum markers of cardiac function: creatine kinase mass
(CK), creatine kinase myocardial band (CK-MB), tro-
ponin (TP) and B-type natriuretic peptides (BNPs). All
biochemical analyses were performed using an automat-
ed Beckman Coulter UniCel DxI 800 Immunoassay

system. The reference values adopted by the hospital
for the biochemical markers under study are shown on
Table 1. This investigation was approved by the Hospi-
tal’s Ethics Committee.

1.2 Statistical Analysis

For the statistical analysis, PM2.5, PM10, SO2, O3 NO,
NO2, NOx concentrations and meteorological parame-
ters were taken as independent variables whereas the
daily number of hospitalisations for CVD for each age
group was considered as dependent variables.

The effects of environmental pollution on health show a
lag between the exposure of individuals to pollutants and
their effects. The admissions observed on a specific day are
related to the pollution of that day and to the pollution
observed in the previous 3 days. Thus, moving averages of
3-day pollutants were used, which is the mean of the
pollution of the day in question and the two previous days.
This technique assigns equal weights to all days of the
period, which leads to a certain distortion, by not allowing
a diversification of the effect between the days of the
interval (Schwartz 2004; Pope et al. 2008).

Relationship between atmospheric air pollutants, mete-
orological parameters, hospital admissions, mortality due
to CVD and biochemical markers of cardiac function were
searched for parametric (Spearman) correlations. Normal-
ity was tested using Shapiro-Wilk normality test.

The effects of air pollutants on the daily number of
hospital admissions and deaths were estimated using
Poisson-regression models. A multiple linear regression
analysis involving more than two explanatory variables
was applied, given by the following equation:

y ¼ β0 þ β1x1 þ…þ βnxn þ ε

where “y” is the response variable (patients with CVD
and mortality) and xi (i = 1, 2, ..., n) are the explanatory
variables (concentration of pollutants, average tempera-
ture, precipitation and humidity). The β0 is the value of y
when the explanatory variables are zero, the terms βi are
the regression coefficients and the residual (ε) is the
forecast error, i.e. the difference between the real and
the expected values of the response variable (Tadano
et al. 2009).

The relative risk (RR) of hospital admissions for
CVD was estimated using the coefficients of the gener-
alized linear Poisson regression models. The RR is
given by the following equation: RR(x) = eβx, where
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eβx is the exponential function of the regression coeffi-
cient of the pollutant multiplied by the pollutant con-
centration (Tadano et al. 2009).

Exploratory and correlation analysis were performed
using Microsoft Excel software (version 2010),
Statistica (version 7.0) and SPSS (version 20.0).

2 Results

The variation of mean air pollutants concentrations
throughout the year for each air monitoring station
in Funchal is shown in Fig. 1. The highest levels of
PM, O3 and nitrogen compounds were detected in
São João station, whereas Quinta Magnólia station
recorded the highest concentrations of SO2. PM
levels were higher during the summer, mainly be-
tween July and September. O3 levels were constant
throughout the year whereas SO2 showed several
peaks along the year.

During the study period, a great variability of the
mean annual concentrations of each air pollutant

occurred (Table 1). NOx and O3 showed the highest
annual average concentrations (49 and 45 μg/m3,
respectively) and the highest maximum concentra-
tions (NOx 154 μg/m3 and O3 79 μg/m3). In oppo-
sition, SO2 and PM2.5 had the lowest values (0 and
0.12 μg/m3, respectively). Overall, the annual aver-
age values peaked in 2006–2007 but revealed a
decreasing trend in the following years (Fig. 2).

According to the EC standards, there were no
exceedances of SO2 during the entire period of
study, unlike NO2 and PM10 which showed the
greatest number of daily exceedances per year
(Fig. 3). There were PM10 values exceedances in
all monitoring stations throughout the study period,
mostly during the summer. In turn, NO2 values
exceeded only in March of 2011 in São Gonçalo
and in Quinta Magnólia. A total of 1096 (60%)
and 751 (41%) days (60–41% of all days)
exceeded the daily legal limit for NO2 and PM10,
respectively. Based on the WHO guidelines, the
PM2.5 daily value of 25 μg/m3 was exceeded on
282 days (15% of all days).

Table 1 Descriptive analysis of the dependent and independent variables for the studied period

Variables χ Minimum Maximum SD

Air pollutants 24 h (μg/m3) PM2.5 9.07 0.12 35.68 5.99

PM10 24.97 5.53 54.28 9.74

SO2 2.39 0 11.76 1.73

NO 16.00 0.46 62.51 15.78

NO2 25.36 0.54 63.52 15.70

NOx 49.49 2.41 154.08 37.77

O3 44.62 12.85 78.76 13.54

Number of general hospital admissions Total population 76.93 6 191 21.27

< 14 years old 14.51 0 76 9.35

15–65 years old 40.71 0 103 12.89

> 65 years old 21.71 0 47 6.35

Symptoms for CVD Headache 8.14 0 27 3.72

Chest pain 15.52 0 53 9.39

Indisposition 53.27 6 158 16.80

Destiny of patients with CVD Number of discharges 98.02 6 225 24.99

Hospitalisations due to CVD 1.35 0 7 1.29

Number of deaths 2.27 0 9 1.63

Ratio males/females (m/f) 0.47 0.3 0.71 0.05

Mean age 44.00 3 59.73 5.60

Daily hospitalisation counts 12.65 0 33 4.49

Average hospitalisation time in days 8.72 0 69.38 3.72
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3 Analysis of Dependent Variables

During the study, a total of 210,540 patients were
admitted at the emergency service, from which
155,868 (74%) were due to cardiovascular causes
and 1.29% were hospitalized. The mean value of daily
general admissions was higher in adults (40.7) follow-
ed by elderly patients (21.7) (Table 1). For the CVD
patients, the mean age was 44 years and 53% of the
patients were woman. The most frequent cause of
hospitalization was indisposition (n = 107,942;

51.3%), being the symptoms more frequent in female
patients. Most of the hospitalizations were reported in
the winter and fall of 2009 and the greatest hospitali-
zation frequency for CVDwas observed in the winters
of all years. On average 77 daily admissions occurred
due to CVD and a total of 4606 deaths were reported
during the same study period.

The serum markers that attained maximum levels
were CK and BNP, whilst those with the strongest
patient ratio (m-male/f-female) were BNP, followed by
CK-MB mass and CK (Tables 2 and 3).
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Fig. 1 a–gMonthly variations of PM and gaseous pollutants in Funchal. hMean annual concentrations of each air pollutant (2005–2011)
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The overall correlation between morbility and air
pollutants was weak. PM2.5 was strongly correlated with
PM10 (r = 0.68), and nitrogen compounds correlated
with each other (r = 0.75, 0.76 and 0.77), and with O3

(r = 0.50, 0.55 and 0.66).
The total hospital admissions due to CVD were pos-

itively correlated with PM2.5 (r = 0.12), and SO2 (r =
0.24), being hospital admissions in each age group
positively associated with SO2 (r = 0.13 < r < 0.24).

On regards to symptoms, indisposition was positive-
ly associated with SO2 and NO2 pollutants; on the other

hand, all nitrogen compounds and O3 revealed positive
association with headache.

In general, the mean temperature was positively cor-
related with PM2.5 and PM10, and inversely correlated
with nitrogen compounds and O3.

As relative humidity increases, a significant decrease
in O3 concentration occurred. Similarly, increases in
precipitation was correlated to decreases of PM2.5,
PM10, NO and NO2 pollutants.

Regardingmolecular markers, a positive and significant
association between PM2.5 with CK-MB and BNP was
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Fig. 1 (continued)
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noted. Regarding O3, an association with TP and hospital
admissions in adults and elderly patients was observed, but
a negative association with the remaining serum markers.

Finally, there was a weak, though positive and statisti-
cally significant, correlation of mortality with NO and NOx,
whilst there was no association at all with PM2.5 and SO2.

The association of the dependent variables with meteo-
rological parameters showed stronger correlation values
(especially with mean temperature) than for the various
air pollutants. Average temperature is inversely correlated

with almost all variables, including mortality (Table 4).
The application of regression model in order to assess the
overall relation between the variables CVD and mortality
with the explanatory variables resulted inconclusive. Not-
withstanding, the Relative Risk of hospital admission due
to CVD and mortality in result of short-term exposure to
air pollutants are presented on Table 5. In sum, the RR
increases with PM2.5 and NOx exposure, whereas the risk
ofmortality wasmainly associatedwith O3 and average air
temperature (Table 6).
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4 Discussion

This work estimates the short-term effects of air
pollution in Funchal on morbidity and daily mor-
tality due to CVD. Of the three monitoring sta-
tions under study, the traffic-type station of São
João showed the highest levels of PM, O3 and
nitrogen compounds (Figs. 1 and 2). In fact, those
air pollutants represent the main atmospheric con-
taminants in Europe, being frequently exceeded the
limit values for suspended particles and nitrogen
oxides in urban areas, where most of the popula-
tion lives (Querol 2008).

Overall, the mean concentrations of all air pollutants
decreased during the study period, except PM10 and O3

that revealed an increase in 2011 (Fig. 3). A downward
trend in the annual air pollutant concentrations has been
observed in other European countries (Querol et al.
2014), and by the European Environmental Agency dur-
ing 1997–2010 (European Environment Agency 2013).

The majority of air pollutants produced in the urban
area of Funchal derive from combustion processes, with
traffic being their primary source. Yet, the traffic man-
agement measures implemented in the city over the last
years could have a direct effect on air pollutant emission
sources (Laboratório Regional de Engenharia Civil.
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AREAM. Câmara Municipal do Funchal 1996). Fur-
thermore, the urban architecture is characterized by
low-rise buildings and several green spaces, particular-
ities that favour the dispersion and dilution of air
pollutants.

In this study, the levels of PM were higher during the
summer, a fact also reported elsewhere (Liu et al. 2015),
whereas O3 levels were constant throughout the year.
The broad range of O3 levels might be explained by the
constant annual radiation observed inMadeira, which in
the presence of nitrogen oxides might lead to an increase
in photochemical ozone production. Further, O3 concen-
trations are highest during the warmest high-intensity
sunlight hours of the day, resulting in a significant
human exposure (Newby et al. 2015).

A great variability in the mean annual concentrations
of the atmospheric pollutants in Funchal occurred
(Table 1), similarly to what was reported in other Euro-
pean cities. For instance, the PM10 annual average was
24.97 μg/m3, which is within the average values of 20–
25μg/m3 observed in Europe since 2001 (Querol 2008).

On the other hand, SO2 revealed the minimum annual
values during 2005–2011. SO2 is emitted when fuels
containing sulphur are burned, being a major precursor
of PM, which is associated with significant health ef-
fects. Considering the overall SO2 levels recorded in
Funchal, its contribution on PM emissions at regional
scale might be considered insignificant. In fact, the EU-
27Member States have cut their SOx emissions by 50%
during 2002–2011, leading to a fall in SO2 concentra-
tions of about one third (Guerreiro et al. 2014). More-
over, SO2 levels were very low in most of Europe, a fact
also reported in Madeira.

According to the EU standards, NO2 and PM
revealed the greatest number of daily exceedances
per year (Fig. 3); nevertheless, all nitrogen com-
pounds had a downtrend, particularly after 2007.
In contrast, a scenario of increasing trends of NO2

was reported in some stations of mainland Portu-
gal, Poland and Luxembourg during 2002–2011
(Guerreiro et al. 2014). Accordingly, the ratio
diesel/gasoline consumption for road transport has

Table 2 Descriptive analysis of serum markers for the studied period

Serum markers χ Minimum Maximum SD

Creatine kinase mass, CK
Females < 145 U/l
Males < 171 U/l

167.75 35.50 9826.14 266.99

Creatine kinase mass, CK (m/f) 0.21 0.00 1.00 0.08

Creatine kinase myocardial band (CK-MB)
< 5 ng/ml

9.31 1.53 242.50 10.32

Creatine kinase-MB (m/f) 0.49 0.00 1.00 0.26

Troponin (TP) 0.18 0.00 6.91 0.50
< 0.040 ng/mL (negative for

myocardial infarction or
cardiomyocyte injury)

0.04–0.500 (uncertain) > 0.500 (positive for myocardial
infarction or cardiomyocyte
injury)

Troponin (m/f) 0.03 0.00 0.22 0.04

B-type natriuretic peptides, BNP
< 100 pg/ml (heart failure improbable)

523.96 0.00 4472.00 487.69

B-type natriuretic peptides, BNP (m/f) 0.62 0.00 1.00 0.31

Table 3 Age distribution, symptoms and serum biomarkers according to gender

Age classes Symptoms Biomarkers

< 14 years
old (22.5%)

15–65 years
old (45.9%)

> 65 years
old (31.5%)

Headache Chest pain Indisposition CK CK-MB BNP

Female 20,819 51,573 39,631 9954 16,887 58,591 5956 3696 2285

Male 26,610 45,117 26,783 6538 14,547 49,344 7144 4505 2805
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almost doubled during that time, increasing the
NO2 concentrations at Portuguese stations.

On regards to PM, the inhalation of these particles
can trigger adverse cardiovascular responses remotly
from the site of deposition within pulmonary tissues.
These include an increase in the systemic circulation of
pro-inflammatory or oxidative stress mediators generat-
ed in the lungs; the instigation of autonomic nervous
system imbalance and the penetration of certain particles
or components directly into cardiovascular tissues.
These pathways may be activated at different time

frames and vary accordingly to exposure duration and
dosage, and by inhaled particulate sizes or components
(Franklin et al. 2015).

In all monitoring stations in Funchal, primary com-
pounds like PM10 and PM2.5 exceed emission limits set
under EU legislation, especially in São João, attaining
472 and 209 days of exceedances, respectively. During
2002–2011, 20 to 44% of the EU-27 urban population
was exposed to concentrations of PM10 in excess of the
EU air quality daily limit amount, despite the emission
reductions. In addition, 31% of the EU-27 urban

Table 4 Spearman rank correlation coefficients between all variables under study. *p < 0.05

PM2.5 PM10 SO2 NO NO2 NOx O3

PM2.5 (24 h) 1.00

PM10 (24 h) 0.68* 1.00

SO2 (24 h) 0.29 0.25 1.00

NO (24 h) 0.30 0.35 0.15 1.00

NO2 (24 h) 0.26 0.29 0.32 0.75* 1.00

NOx (24 h) 0.33 0.27 0.76* 0.77* 1.00

O3 (24 h) 0.05 0.16 0.66* 0.50* 0.55* 1.00

Hospital admissions due to CVD (total) 0.12* − 0.07 0.24* − 0.06 0.08 0.06

Hospital admissions due to CVD on children 0.16* − 0.06 0.06 0.06 − 0.08
Hospital admissions due to CVD on adults 0.11* − 0.12* 0.20* 0.05 0.10*

Hospital admissions due to CVD on elderly 0.15* 0.13* 0.07 0.12*

Headache 0.17* 0.15* 0.15* 0.16*

Chest pain 0.21* − 0.11* 0.09 − 0.05 0.12*

Indisposition 0.25* − 0.08 0.12*

Number of discharges 0.08 − 0.07 0.22* 0.11* 0.07 0.11*

Number of deaths 0.09 0.10* 0.09 0.12* 0.07

Ratio males/females (m/f) − 0.06
Average age 0.05 − 0.10* − 0.08 0.08

Daily hospitalisation counts 0.12* 0.10* 0.10* 0.10* 0.12* 0.08

Average hospitalisation time in days 0.05 0.09 − 0.06 0.11* 0.10* 0.14*

Average temperature 0.14* 0.23* 0.08 − 0.20* − 0.08 − 0.30* − 0.26*
Humidity 0.07 − 0.07 − 0.16*
Precipitation − 0.11* − 0.18* − 0.06 − 0.07
Creatine kinase, CK 0.06 − 0.05 0.07

Creatine kinase, CK (m/f) 0.06 − 0.04
Creatine kinase-MB mass 0.13* − 0.07 0.19* − 0.36* − 0.23* − 0.30* − 0.29*
Creatine kinase-MB mass (m/f) 0.10* 0.15* − 0.34* − 0.20* − 0.25* − 0.30*
Troponin 0.08 − 0.07 − 0.11* − 0.07 0.10*

Troponin (m/f) − 0.08 − 0.10*
B-type natriuretic peptides, BNP 0.14* − 0.15* 0.09 − 0.15* − 0.19* − 0.16* − 0.07
B-type natriuretic peptides, BNP (m/f) 0.15* − 0.17* − 0.13* − 0.17* − 0.11*
Mortality 0.09 0.10* 0.09 0.12* 0.07
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population was exposed to PM2.5 levels above the ex-
posure concentration limits and 96% was exposed to
levels above the WHO standards in 2011 (Guerreiro
et al. 2014).

Most of patients admitted at the emergency service
(74%) were due to cardiovascular causes, being the
majority adults and women (53%). The biomarkers with
the strongest patient ratio (m/f) were BNP, followed by
CK-MBmass and CK. In general, women are less likely

to have cardiovascular comorbidities, presenting differ-
ent biomarker profiles and different diagnostic spectrum
comparatively to men. Cardiac biomarkers including
TP, myoglobin, CK and natriuretic-proBNP are lower
in women, which is consistent with a lower rate of acute
coronary syndromes (Stähli et al. 2015, Shah et al.
2017). There are also gender differences in CK-MB
concentrations and evidences that females had signifi-
cantly lower levels than males among apparently

Table 5 Spearman rank correlation coefficients between all variables studied and the meteorological parameters. *p < 0.05

Dependent variables Mean temperature Humidity Precipitation

Hospital admissions due to CVD (Total) − 0.33*
Hospital admissions due to CVD on children − 0.33*
Hospital admissions due to CVD on adults − 0.22*
Hospital admissions due to CVD on elderly − 0.12*
Headache − 0.14*
Chest pain − 0.15* 0.09

Indisposition − 0.30*
Number of discharges − 0.44* −0.07 0.07

Number of deaths − 0.11*
Daily hospitalization counts − 0.19*
Average hospitalization time in days −0.08
Creatine kinase, CK − 0.06
Creatine kinase, CK (m/f)

Creatine kinase-MB mass − 0.18* − 0.09 0.11*

Creatine kinase-MB mass (m/f) − 0.31* − 0.12*

Troponin, TP − 0.17*
Troponin, TP (m/f) −0.09
B-type natriuretic peptides, BNP −0.21*
B-type natriuretic peptides, BNP (m/f) −0.23*
Mortality - 0.12*

Table 6 Relative risk (RR) of hospital admissions due to CVD

Variables/RR B SE Wald df Sig. Exp (B)

PM2.5 0.025 0.006 20.54 1 0.000 1.026

PM10 − 0.008 0.002 12.324 1 0.000 0.992

NO2 − 0.014 0.005 8.257 1 0.004 0.986

NOx 0.005 0.001 50.431 1 0.000 1.005

O3 − 0.007 0.002 9.387 1 0.002 0.993

Mean temperature 0.020 0.01 3.927 1 0.048 1.02

RR of mortality

O3 0.004 0.002 4.144 1 0.042 1.004

Mean temperature 0.018 0.008 5.148 1 0.023 1.018
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healthy subjects. Such differences were attributed prob-
ably due to a greater skeletal mass in men (Shah et al.
2017, Strunz et al. 2011).

The overall correlation between morbidity and air
pollutants showed that PM2.5 was strongly correlated
with PM10 (r = 0.68), nitrogen compounds correlated
with each other (r = 0.75, 0.76 and 0.77), and with O3

(r = 0.50, 0.55 and 0.66). A similar, though moderate,
correlation between NO2 and O3 was found in Lisbon
between 1999 and 2004 (Freitas et al. 2010). Also, the
total hospital admissions in Funchal due to CVD were
positively correlated with PM2.5 (r = 0.12), and SO2

(r = 0.24), while hospital admissions were positively
associated with SO2 (r = 0.13 < r < 0.24) in all age
groups. A multicenter European study suggested that
SO2 pollution may play an independent role in trigger-
ing ischemic cardiac events (Sunyer et al. 2003). Ac-
cordingly, the daily numbers of all cardiovascular ad-
missions except stroke, and particularly ischemic heart
diseases, rose significantly with an increase of daily SO2

levels in the same day and the day before.
Our results revealed that the dependent variables and

meteorological parameters showed strong correlation,
especially with average air temperature. Previous find-
ings showed association between the outside air temper-
ature and deaths by CVD (Analitis et al. 2008; Pinheiro
et al. 2014). Hsu et al. (2017) reported stronger effects
on CVD hospitalizations in winter and at low tempera-
ture days. According to Wilson et al. (2010), the myo-
cardium needs greater oxygenation when the body reg-
isters a cooling, especially in the elderly population, thus
triggering a risk of cardiac complications associated
with cold sensation.

In Funchal, the greatest hospitalization frequency for
CVD was observed in the winter of all years. In elder
patients higher temperatures were associated with fewer
hospitals admissions, while in the other age groups, it
seems to induce admissions at an enhanced rate. These
findings were in accordance with Freitas et al. (2010),
which supports that the age of the population does influ-
ence circulatory conditions, not only in association with
temperature but also with SO2 pollutants. Also, the pro-
portion of deaths from CVD increases with age in Europe
and CVD is a less common cause of death in younger ages
(Townsend et al. 2015), a fact also reported in our study.

On regards to symptoms, indisposition seems posi-
tively associated with SO2 and NO2 pollutants, while all
nitrogen compounds and O3 were statistically associated
with headache. Our data suggests that air pollution could

be associated with short-term health effects, even in
areas with low pollutant concentrations like Madeira.
Despite the current clean air regulations and a general
trend towards a better air quality, the daily levels of air
pollutants seem to trigger medical emergencies.

In Funchal, the mean temperature was positively
correlated with PM and inversely correlated with nitro-
gen compounds (NO, NO2) and O3. There are evidences
that weather condition is a major driving force of air
pollution: higher temperature speeds up chemical reac-
tions in the air, while lower temperature makes the PM
dissipate in the air more slowly than usual. Jayamurugan
et al. (2013) reported that SO2 and NOx were negatively
correlated with temperature during the summer in Chen-
nai (India). It is believed that the influence of tempera-
ture on NOx is much more effective in summer than in
other seasons due to the higher temperature range.

In Funchal, as relative humidity increases, a decrease
in O3 concentration seemed to occur. Similarly, in-
creases in precipitation are related with significant de-
creases of PM, a finding also observed by Katsouyanni
et al. (2001). Rainfall washes out water-soluble pollut-
ants and PM (Hsu et al. 2017), whereas relative humid-
ity appears to boost hospital admissions due to circula-
tory conditions (Azevedo et al. 2011).

Finally, there was a weak, though positive and sig-
nificant, correlation of mortality with NO and NOx, and
no association at all with PM2.5 and SO2. Conversely, in
the Canary Islands, a positive association between the
two fractions of PM and mortality from heart disease
during the period 2000–2004 was found (López et al.
2010). There are evidences that the peculiarities of such
islands have a significant effect on the origin and com-
position of the particulate matter, namely the influence
of local pollution sources and the influence of African
air mass intrusions.

The relative risk of hospital admission due to CVD
and mortality in sequence of short-term exposure to air
pollutants revealed an increase after PM2.5 and NOx

exposure. Further, the risk of mortality was apparently
associated with O3 and average air temperature. Several
single-city and multicity studies reported an increased
mortality risk associated with short-term exposure to
PM, NO2 and O3. There is compelling evidence that
exposure to air pollution, especially short-term changes
in PM and associated pollutants, contribute to CVD and
death (Newby et al. 2015, Franklin et al. 2015). Short-
term exposures to PM are associated with subclinical
adverse markers related to CVD, including systemic
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inflammation, vascular or endothelial dysfunction, in-
creased endothelial cell activation and blood coagula-
tion (Franklin et al. 2015). Exposure to traffic, particu-
larly PM2.5, may increase blood pressure, exacerbate
myocardial ischemia (Brook et al. 2009, Mills et al.
2009) and trigger myocardial infarction within hours-
to-days (Peters et al. 2013, Rich et al. 2010).

This risk of CVD appears to vary in a linear manner
with PM levels, without evidence of a safe PM thresh-
old, even down to levels < 3–5 μg/m3 (Dominici et al.
2003). The risk of myocardial infarctions has been
shown to increase by 48% following exposure of only
a 2-h-long increase of PM2.5 by 25 μg/m3 (Peters et al.
2001). More, heart attack risk may be increased 2.73-
fold only 1 h after exposure to traffic (Peters 2005).

According to Bourdrel et al. (2017), short-term in-
creases in air pollution were associated with an increased
risk of stroke and acute heart failure, and the risk was still
increased at pollution levels below current European air
quality standards. The NO2 exposure related risk seems to
be greater among our younger patients. Short-term in-
creases in gaseous compounds, such as NO2, SO2 and
CO, also increased the risk of stroke. Studies examining
short-term variations of NO2 reported an increase in car-
diovascular mortality of 0.4–0.88% for a 10 μg/m3 daily
increase of NO2 (Bourdrel et al. 2017).

Our survey showed a positive and significant associa-
tion of PM2.5 with CK-MB mass and BNP, and a positive
association between SO2 and CK-MB mass. Our results
suggest that PM2.5 and SO2 were associated with the total
hospital admissions due to CVD, which probably induced
a short-term response of certain cardiac markers. CK-MB
mass is considered the ‘gold standard’ for acutemyocardial
infarction diagnosis in humans (Archer 2003), being de-
tectable 3–4 h after myocardial injury (Brame andChilders
2011). In turn, BNP is considered a strong predictor for the
diagnosis of heart failure and correlations have been made
between the degree of BNP increase and the extent of
myocardial ischemia (Brame and Childers 2011). A rise
of BNP blood level is very fast, in the order of minutes to
tens of minutes (Bartoš et al. 2016).

Other works reported an increased risk of stroke after
a short-term elevation of O3, and out-of-hospital cardiac
arrest. O3 was also associated with acute coronary
events in middle-aged adults with no preexisting CVD
(Bourdrel et al. 2017), while several other short time
series studies evidenced an association between O3 and
mortality (López-Villarrubia et al. 2010), consistently
with our results.

This study revealed an association between O3, TP
and hospital admissions in adults and elderly patients.
Increases in cardiac TP can be seen as early as 2 to 4 h
after myocardial injury (Brame and Childers, 2011),
being correlated to the extent of myocardial damage
(Archer 2003). Previous reports demonstrated that TP
appears in the serum 4–10 h after the onset of acute
myocardial infarction but the sensitivity for detecting TP
approaches 100% when sampled 6–12 h after acute
chest pain onset. Therefore, in that context patients need
to repeat the TP sampling 6–12 h after the initial assess-
ment (Garg et al. 2017).

5 Limitations of the Study

This prospective study revealed several limitations due
to the original dataset structure. There was a lack of
registration of symptom onset time and blood harvesting
time for biochemical analysis. Also, the absence of air
pollution data for the period 2012–2014 limited the
extent of our study. Hence, the influence of atmospheric
pollutants in the serum markers and mortality could be
more consistent with larger data sets.

The population data did not include information such
as medication intake, smoking history, hypertension,
previous coronary events or CVD family history. Sev-
eral medical conditions might increase serum TP levels
due to non-cardiac causes. Also, elevated CK and CK-
MB may occur in non-cardiac conditions, and medium
increased concentrations of BNP might indicate clinical
condition of renal failure or others.

Wewere not able to assess the serial measurements of
each cardiac marker in order to reliably rule out any
specific cardiac event.

Our findings are in line with existing epidemiological
evidences, although the magnitude of the estimated risk
is lower in comparison with multicenter studies con-
ducted in larger cities.

6 Conclusions

We observed associations of traffic-related pollutants on
hospital admissions due to CVD and mortality, notwith-
standing the low magnitude of such associations. PM2.5

and SO2 pollutants were apparently related with higher
hospital admissions which in turn seemed to increase the
cardiac markers. In addition, our results showed that the
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risk of hospital admission due to CVD seemed to in-
crease not only with PM2.5 but also with NOx pollutants.
In turn, the risk of mortality was mainly associated with
O3 and average air temperature. Adults and elders seem
to be more susceptible to atmospheric pollutants, partic-
ularly in the winter.
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